Quantitative samples of benthic invertebrates were collected by a core sampler from 4 meso-habitats of a sandy riverbed at relatively slow flowing area of a mountain stream (Takami-gawa Stream, Nara Prefecture). A stretch of ca. 75 m was chosen for the samples collection, where riffle center (RC), riffle edge (RE), center of side pool (SP) and edge of sand bar (EB) were selected for sampling. The first one is a mid-channel habitat, while the others are marginal habitats of the channel. Sampling was carried-out over 5 sampling dates during the years [2008][2009]. A total of 19967 individuals of benthic invertebrates, representing 120 taxa were identified. Comparisons using Two-way ANOVA test indicated that total abundance shows significant differences between habitats and seasons, with higher density at RC and in February 2009. Taxon richness exhibited only significant differences between seasons, with also higher value during February 2009. As well, Diversity index (H') showed significant differences between habitats and seasons, with lower values at RC and during May 2008. Dominant taxa such as Paraleptophlebia, Potamanthus, and Zaitzevia showed significant differences between habitats with higher abundance at RC. On the other hand, Oligochaeta exhibited higher abundance at RE. Benthic invertebrates were categorized into 4 groups according to their micro-vertical habitat; epifauna, fugitive fauna, occasional and permanent hyporheos. Occasional hyporheos accounted more than 50% in almost every habitat and sampling month, which was quite different from stony riffles assemblages. The insect larvae of Paraleptophlebia, Potamanthus, and Zaitzevia were predominant occasional hyporheos. This study confirms the suitability of core sampler to collect not only epifauna but also hyporheos in sandy riverbed.
INTRODUCTION
The riffle-pool units of the streams have mosaic of meso-scale habitat, within some length of stream longitudinally, cross ward and vertically. These fine scale structural complexity enhances the diversity of benthic invertebrates.
Most studies on the Japanese streams have been conducted on habitats with faster current and/or stony stream beds, such as rapids or riffles. Using a surber net, Takemon and Tanida (1993) distinguished 11 types of meso-scale habitats within a reach of Takami-gawa Stream, which support variable riverine fauna, containing more than one hundred taxa. Takemon (1997) also reviewed the relationships of faunal composition to the structures of riffle-pools, bars, and hyporheic zones in the same river. He reported the importance of hyporheic zones in supporting younger nymphs of mayflies, which may occur widely in this zone of riverbed. Graça et al. (2004) reported high content of organic matter and taxa richness in the marginal areas of 12 stream sites in Portugal. However, the fauna of marginal habitats in Japanese Streams were only partly revealed (Takemon and Tanida, 1993; Takemon, 1997) .
The use of core sampler as a sampling device, which penetrates the substrata, coupled with fine-meshed sieve (125-μm) could collect smaller-sized invertebrates of the hyporheic zone (Abdelsalam, 2012) . This gives the chance to study the microvertical distribution of benthic invertebrates. This kind of distribution is always overwhelmed by other studies that use surface sampler such as surber net (Takemon and Tanida, 1993; Takemon, 1997) .
Using a core sampler, the present work aimed to reveal the distributional patterns of benthic invertebrates within four target meso-habitats of sandy riverbed with a relatively slow flowing regime. The principal objectives of the present study are to compare the taxa richness, biological diversity and abundance of macro-to meio-benthic invertebrates in these meso-scale habitats, as well as the abundance of the dominant invertebrate taxa. An attempt has been done to expose the effect of water disturbance on the distribution of benthic invertebrate communities. Benthic invertebrates were classified into epifauna, fugitive, occasional and permanent hyporheic fauna, according to their micro-vertical distribution within riverbeds, in order to reveal the difference of composition of these faunal elements between mesohabitats and seasons.
MATERIAL AND METHODS

Study area
Kozu Site of Takami-gawa Stream was selected for the present study. Takami Stream is a tributary of Yoshino-gawa River in Nara Prefecture, central Japan. Takami-gawa itself is about 21 km long, which flows into the main channel of the Kino-kawa River (Taira and Tanida, 2011) (Fig.1) . Kozu Site is a mountainous stream (34º23'17"N; 135º59'27" E; about 230 m above sea level) of the fourth order with a channel width of about 8-to 12-m and a mean slope of 0.009. The watersheds of this tributary are extensively forested with Japanese Cedar Cryptomeria japonica Done, 1894, whereas the riparian zones of the stream are well-covered with secondary deciduous vegetation (Taira and Tanida, 2011) . Water does not freeze at the site over winter. Precipitation occurs mainly in summer season, especially from June through September. A series of sieves separated these inorganic particles into 8 size classes on Log 2 scales: from 0.125 mm to 32.0 mm and each class was weighed to the nearest 10 mg by a mechanical balance. The weight percentages of these 8 size classes were calculated. The cumulative values of these 8 classes were plotted against Log 2 scale of grain size. The median diameter (d 50 ) of particle size for each sediment sample was calculated. The heterogeneity was determined using the cumulative values of sediment weight according to Schwoerbel (1961) Particulate Organic Matter (POM) categories were measured for each core sample. Coarse particulate organic matter (CPOM, >1.0 mm) and fine particulate organic matter (FPOM, <1.0 mm) remaining after removal of invertebrates were dried at constant temperature (76°C) for 24 hr in the drying oven, weighed and ashed at 600°C for 2 hr (AT-E58, Isuzu Muffle Furnace, Niigata, Japan) to yield ash-free dry weight. 
Community parameters
The community parameters, i.e. taxa richness, total abundance as individual number/core area, and diversity index (Shannon-Wiener, H') of each habitat, were calculated. Some taxa such as Nematoda, Oligochaeta, Acari and Tanypodinae were identified only at higher taxonomic level (class to subfamily), which probably contained several genera and species. Therefore, these taxa were excluded for the calculation of taxa richness and diversity index.
Classification of invertebrates by micro-vertical distribution
In the hyporheic zone, macro-invertebrates are usually present in significant numbers only for distances of 20 cm or less from the stream's channel (Williams and Hynes, 1974; Williams, 1984) .
Benthic invertebrates were classified into 4 types: epifauna, fugitive fauna, occasional and permanent hyporheos. Fugitive fauna contain the taxa that exhibit a wide variety of life forms (epi-or hyporheic) and those without reliable information of vertical distribution. Williams (1984) suggested that the animals living in the interstices of streambeds could be divided into two types, occasional and permanent hyporheos. Occasional hyporheos consist of larvae (particularly of aquatic insects) of most of the surface benthos that may seek out this zone as a refuge during their early development. Permanent hyporheos, on the other hand, consists of many specialized groups that complete their life cycle there (e.g. Oligochaeta and Nematoda). For the classification into 4 types of fauna, some references of life forms and habitat traits were consulted; such as Merritt et al. (2008) , Wiederholm (1983) and Thorp and Covich (2001) .
Data analyses
Differences between meso-habitats were analysed with the Scheirer-Ray-Hare extension of the Kruskal-Wallis test, as described in Sokal and Rohlf (1995) . This is a non-parametric test analogous to Two-way ANOVA and allows comparing simultaneously (1) meso-habitats and (2) sampling dates or season. In this Two-way ANOVA test, we excluded the data of April 2008 because, only 3 meso-habitats (RC, RE and SP) were investigated. Three sets of comparisons were performed: (1) community parameters: taxa richness, diversity index and total invertebrate abundance/core unit, (2) masses of different POM categories (CPOM and FPOM) from each sampling unit, and (3) abundance of the dominant invertebrate taxa . Tukey post-hoc test was used to show the difference between meso-habitats or seasons if significant difference was detected.
The relationships between POM categories (CPOM and FPOM) masses from each sampling core were inspected against the taxa richness and abundance of benthic invertebrates, using Spearman rank correlation (Zar, 1996) , and were conducted separately for each meso-habitat. These tests were performed using SPSS version 10 computer package.
RESULTS
Characteristics of the habitats:
Riffle center (RC) was the deepest sample (31-57 cm), with fastest current (mean water velocity ± S.E. = 0.450 ± 0.05 m/s). Riffle edge (RE) was shallow whereas the water depth fluctuated between (5 and 7 cm) with the slowest current (0.029 ± 0.009 m/s). Center of side pool (SP) was shallow (10-22 cm) and with low current speed (0.188 ± 0.034 m/s) habitat. Edge of sand bar (EB) was the shallowest (1.5-4.5 cm) with slow current (0.096 ± 0.007 m/s) ( Table 1 ).
The highest median diameter of grain size was at RC and the lowest was at EB. The highest heterogeneity was also at RC and the lowest was at SP (Table 1) . Amounts of deposited POM (CPOM and FPOM) were different between habitats and sampling months (Fig.4) . Comparison of FPOM and CPOM between meso-habitats and seasons after the application of Scheirer-Ray-Hare extension of the Kruskal-Wallis test showed only significant differences for FPOM, between habitats (P = 0.0380, Table 2 ). Tukey post-hoc test indicated higher FPOM in EB than in RC. Results of Spearman rank correlation indicated highly significant positive correlation between FPOM and taxon richness and abundance of benthic invertebrates at RC habitat (0.750 and 0.632, respectively). On the other hand, taxon richness of SP habitat exhibited highly significant negative correlation (-0.623) and significant negative correlation (-0.534) with CPOM and FPOM, respectively (Table 3) .
Composition of benthic invertebrates:
In total, 19967 individuals of benthic invertebrates, representing 120 taxa were identified throughout all sampling occasions. Of these, 4419 individuals were assigned to species, 11990 to genus, 1177 to subfamily, 240 to family, 251 to subclass, and 1890 to class. The taxonomic composition among different habitats and throughout all sampling occasions is presented in the Appendix. The benthic invertebrates of the investigated area were dominated by insects in terms of abundance and taxa.
The Ephemeropteran genus Paraleptophlebia dominated the benthic invertebrates in all habitats, constituting about 30% of the total abundance. The taxa that individually formed more than 5% of the total abundance were Paraleptophlebia (Leptophlebiidae; Ephemeroptera) with relative abundance (ra): 29.6%, Zaitzevia (Elmidae; Coleoptera) (ra: 10.3%), Oligochaeta (ra:9.1%), Potamanthus formosus (Potamanthidae; Ephemeroptera) (ra:8.3%), Nymphomyia alba (Nymphomyiidae; Diptera) (ra:6.5%), Tanypodinae (Diptera) (ra:5.9%) and Rheosmittia (Chironomidae; Diptera) (ra:5.6%). These taxa constituted collectively about 75% of total benthic individuals. significant differences between seasons (P = 0.0012, Table 2 ). Tukey post-hoc test indicated higher taxa richness in Feb. 2009 than the other sampling dates. Mean diversity index (H') was also different between habitats and sampling months (Fig. 5c) The maximum total abundance of invertebrates (1041 individuals/core area) was recorded at RC habitat during Feb. 2009, meanwhile the minimum value (89 individuals/core area) was recorded at the EB during Nov. 2008 after excluding the data of April 2008 (Fig. 6a) . Using two-ways ANOVA test, total abundance showed significant differences between meso-habitats (P = 0.0010) and seasons (P = 0.0104) ( Table 2 ). Tukey post-hoc test for meso-habitats showed higher abundance in RC than the other habitats. However, for the seasons, this test demonstrated that Feb. 2009> Aug. 2008 and Nov. 2008 .
Comparison of abundance for dominant invertebrate taxa:
Application of two-way ANOVA test on abundance data for dominant invertebrate taxa revealed that some taxa such as Paraleptophlebia, Zaitzevia, Oligochaeta, and Potamanthus formosus only showed significant difference among meso-habitats (P = 0.004, 0.005, 0.009 and 0.000, respectively; Table 4 ). Tukey posthoc test indicated that both Paraleptophlebia and Potamanthus formosus were more abundant in RC than the other meso-habitats. As well, Zaitzevia showed higher Other taxa such as Nymphomyia alba, Tanypodinae, and Rheosmittia only exhibited significant differences between seasons (P = 0.003, 0.000 and 0.000, respectively; Table 4 ). Tukey post-hoc test showed that both Nymphomyia alba and Rheosmittia were more abundant in Feb. 2009 than the other sampling occasions. Tanypodinae also showed higher abundance in Feb. 2009 than in Nov. and Aug. 2008.
Micro-vertical distribution of benthic fauna:
The major elements of epifauna were Ecdyonurus bajkovae (Heptageniidae; Ephemeroptera), Baetis (Baetidae; Ephemeroptera), Kamimuria (Perlidae; Plecoptera), Micropsectra (Chironomidae; Diptera) and Setodes sp.1 (Leptoceridae; Trichoptera). Those of fugitive fauna were Tanypodinae, Corynoneura (Chironomidae; Diptera), Orthocladius (Chironomidae), Acari and Caenis (Caenidae; Ephemeroptera). The occasional hyporheos included Paraleptophlebia, Zaitzevia, Potamanthus formosus, Nymphomyia alba Rheosmittia and other taxa. This group contained two types of insect larvae and adults. The first type spends almost all its life cycle in hyporheic zone and appears at the surface of bottom only at pupation, emergence and reproduction, such as elmid beetles of Zaitzevia, Ordobrevia (Sato and Yoshitomi, 2005) and some stonefly nymphs of Kiotina and Gibosia (Shimizu et al., 2005) . Taxa of the second type spend their early stages as hyporheos, such as nymphs of Paraleptophlebia and Potamanthus formosus. Permanent hyporheos included members of only 2 groups, Nematoda and Oligochaeta.
In general, the maximum total abundance of invertebrates (590 individuals/core area) was recorded at RC habitat meanwhile; the minimum value (213 individuals/core area) was recorded at SP (Table 5) . A total means of 104 individuals of epifauna belonging to 63 taxa formed of 25, 21, 33, and 25 individuals/core area were collected from RC, RE, SP, and EB respectively (The appendix; Table 5 ). As well, 198 individuals affiliating to 16 taxa of fugitive fauna were collected. A total of 948 individuals belonging to 39 taxa of occasional hyporheic and 135 individuals affiliating to only 2 taxa of permanent hyporheic were recorded. Hyporheic fauna were the most abundant in number (Fig. 6b) . Occasional hyporheos were accounted for more than 50 % in every habitat and sampling month except in a few occasions. Occasional hyporheos were less abundant in April (479 individuals/core area) than in other sampling months and they were the most abundant in February (1531 individuals/core area) (Table 5 ). Occasional and permanent hyporheos were less abundant at SP (127 and 17 individuals/core area) than the other habitats. Oligochaeta was the most dominant permanent hyporheos throughout the sampling months (Table 6 ). Major taxa of occasional hyporheic were Paraleptophlebia and Zaitzevia, most of which were young instars just after hatching (personal observations). In February, Nymphomyia alba and a small-sized chironomid genus, Rheosmittia became abundant. Wide variety of fauna appeared as major epifauna taxa where Ecdyonurus bajkovae, Baetis, Drunella basalis (Ephemerellidae; Ephemeroptera) and Larcasia akagiae (Goeridae; Trichoptera) were predominant. 
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DISCUSSION
Lotic habitats are composed of many microhabitats. This environmental mosaic affects the spatial distribution of the organisms (Scarsbrook and Townsend, 1993; Allan, 1995) .
The present study mainly investigates the sandy riverbed in a mountain stream from mid-stream habitat (riffle center: RC) to margins of channels (riffle edge: ER, edge of sandbar: EB, and center of side pool: SP). No net samplers were adopted but core samplers with fine meshed sieve (0.125 mm mesh). These habitat characteristics and sampling methods revealed different assemblages of stream benthic invertebrates from other studies conducted at the same stream (Kawanabe et al., 1992; Takemon and Tanida, 1993; Takemon, 1997) . Higher values of cumulative taxon richness were recorded in the shallow retentive habitats (RE and EB). It is well known that marginal microhabitat such as edge of sand bar is a source of great invertebrate diversity (Lindegaard, 1995) . Principe and Corigliano (2006) reported that the marginal fauna was more diverse due to the asymmetry of transport and deposit processes, which generate a heterogeneous habitat in the bankside of river.
The present study indicated that Paraleptophlebia was the most dominant taxon within the 4 habitats and with higher density at RC. The result was in accordance with the finding of Holomuzki and Messier (1993) , who indicated that the larvae of Paraleptophlebia guttata were significantly denser both in runs and riffles than pools in the second order stream of west-central, Kentucky, USA. They mentioned that considering the Paraleptophlebia as generally poor swimmers, the cost of using pools with less protective substrata outweighs the benefits of lower current velocity and higher food density. Higher abundances of Zaitzevia, and Potamanthus formosus were also recorded at RC. Many authors (e.g. Hynes, 1970; Logan and Brooker, 1983) have found that riffles, in general, always include a greater number of organisms and total biomass. However, the majority of these studies dealt with upland streams with predominantly stony substrates. Oligochaeta showed higher abundance at RE habitat. However, it was the most dominant permanent hyporheos at the area of study. Oligochaetes high abundance can be related to the worm-shaped body that is well fitted to an interstitial existence and that dominated the sediment fauna of different types of rivers (e.g. Boulton and Foster, 1998; Gibert et al., 1998) .
Results of FPOM and diversity index (H') indicated higher values in EB than in RC. These results agree with Graça et al. (2004) who reported high abundance of organic matter and taxa richness in shallow retentive areas. It is worthy to mention that the marginal habitat of EB represent the shallow retentive area of the stream which harbours high taxon richness and FPOM. However, Canhoto and Graça (1998) found that physical traits, such as water velocity or the presence of shallow margins, enhance the leaf litter retention efficiency of the stream patches.
At the central habitat (RC), FPOM mass showed positive correlation with taxon richness and abundance of benthic invertebrates, while in SP, taxon richness showed negative correlations with both CPOM and FPOM. It is well known that, CPOM accumulations are the main source of FPOM which could benefit invertebrate assemblages. González and Graça (2005) also reported positive correlation between CPOM mass and total density in riffles and sandy pools of a fourth-order reach of a small Portuguese stream. This relationship could be interpreted as a consequence of detritus increasing the structural complexity of the habitat (Downes et al., 1998; Stewart et al., 2003) . On the other hand, the negative correlations between taxon richness and POM categories estimated at SP habitat, suggested that the influence of POM categories on taxon richness was due to increasing their density or decreasing their equality in distribution. However, it is possible that there are other unstudied factors that may explain this result.
During November 2008, the least mean taxon richness (11.3 /core area) and total abundance (89 individuals/core area) were recorded at EB habitat. From the river flow data near the site (the tentative report of water gauge station at Atarashi Site of Ministry of Land, Infrastructure and Transportation, Japanese Government), two days of flood were recorded in the 19 th and 20 th of September 2008, which was the flood of about one year recurrent interval. The maximum water level (4.07m) was about 3 times higher than the normal level. The conditions imposed by the extremes of such temporal variability are often referred to as disturbance. Disturbance is a fundamental determinant of the structure of stream communities (Lake, 2000) . Floods can cause significant mortality of aquatic organisms (Fisher et al., 1982) . No benthic samples were collected just after the flood. But the influence of the flood at EB habitat during November could be detected.
Although samples of November 2008 were collected more than one month after the high water at Yoshino-gawa Stream, it is likely that the flood might cause the low taxon richness and abundance at the marginal habitat (EB). Resh et al. (1988) have indicated that all ecological phenomena in lotic ecosystems are temporally affected to some extent by extremely high or low water flows. In the present study, it seems that EB was more affected by the flood disturbance than other marginal habitats. Owing to the inwardly spiralling flow patterns in riffles (Richards, 1982) . It is presumed that the centers of riffles (in cross section) receive fewer disturbances.
Regarding the seasonal variations, the higher taxon richness, diversity index (H') and abundance of invertebrate communities during February 2009 might be related mainly to the life history traits of most aquatic insect taxa, whose larvae and nymphs emerge during spring season. Populations of different species of stream insects often show their highest and lowest individual growth rates during different periods of the annual cycle (Vannote and Sweeney, 1980) . Warm temperatures are often correlated with rapid rates of insect growth and development. Strategies enabling such differences in growth patterns often involve diapauses or extended periods of quiescence during high summer or low winter temperatures, and rapid growth during optimal thermal conditions (Huryn et al., 2008) .
In the studies of riffle or fast flowing areas of stream with rocky substrata, and by using surface net sampler, the epifauna is the major constituent of benthic invertebrates. However, in the present study, the occasional and permanent hyporheic fauna formed the dominant invertebrates of the sandy habitats. It has been revealed that the sampling devices using cores may enhance the efficiency of collecting hyporheic fauna from sandy riverbed (Williams and Hynes, 1974; Godbout and Hynes, 1982; Gillespie et al., 1985; Tanida et al., 2003) . In classification of the 4 life forms according to micro-vertical distribution or location, occasional hyporheos were predominant throughout all habitat and sampling months. Among occasional hyporheos, Paraleptophlebia and Potamanthus formosus were major fauna. These aquatic insects spend only early stages of nymphs in hyporheic zones and later instar nymphs stay as epifauna. The hyporheic zone is considered an important refuge for several surface invertebrates (Hose et al., 2005) . In contrast to those mayfly nymphs, the larvae of some elmid beetles and stonefly nymphs spend almost all larval stages as hyporheos and appear on the surface of stream bottom for emergence, pupation and oviposition (Shimizu et al., 2005) .
The high abundance of occasional hyporheos collected during May and November 2008 is a result of accumulation of the very small stages of Paraleptophlebia and Potamanthus formosus which temporary inhabit the interstitial space just after hatching (personal observations). Williams (1984) indicated that the early instars of many species of benthic stream insects occurred deep within the stream bed if suitable interstices were present. These include elmid beetle larvae, the early instars of caddisfly larvae (Cheumatopsyche, Helicopsyche borealis), small nymphs of mayfly genera (Caenis, Ephemerella and Paraleptophlebia), young nymphs of the plecopteran species Allocapnia pygmaea, and chironomid larvae (Cricotopus, Cladotanytarsus, Microtendipes and Orthocladius) . In the present study, a part of these fauna, Caenis, Paraleptophlebia and some chironomid genera were also collected as occasional hyporheos or fugitive fauna. Oligochaeta was the most dominant permanent hyporheos throughout the sampling months. Mary and Marmonier (2000) also reported the dominance of oligochaetes in the hyporheic communities of the New Caledonian Rivers.
This study highlights the efficiency of core sampler coupled with fine-meshed sieve (125-μm) for collecting small hyporheic fauna from 4 different micro-habitats of a sandy riverbed. RC (central habitat) showed higher abundance of benthic community than the other marginal habitats. On the other hand, higher taxon richness was recorded in the marginal retentive habitats (RE and EB) indicating the importance of these habitats for conserving the biodiversity. In every surveyed habitat, the occasional and permanent hyporheic fauna formed the major constituent of benthic invertebrate, which have been often overlooked by net samplings of stream benthic invertebrates, because of their micro-habitat and small body size. The present work also demonstrates that edge of sand bar is more affected by water disturbance than the other marginal habitats. 
